On January 1, 2014, several major provisions of the Affordable Care Act (ACA) took effect, including introduction of the individual mandate for health insurance coverage, opening of the Health Insurance Marketplace, and expansion of Medicaid eligibility to Americans earning up to 133% of the federal poverty level. 1 Nearly 9 million US adults have enrolled in Medicaid since that time, primarily in the 31 states and Washington, DC that have opted into Medicaid expansion. 2, 3 ACA implementation has also had a significant impact on hospital payer mix, primarily by reducing the volume of uncompensated care in Medicaid-expansion states. 4, 5 The differential shift in payer mix in Medicaidexpansion versus nonexpansion states may be relevant to hospitals beyond reimbursement. Medicaid insurance has historically been associated with longer hospitalizations and higher in-hospital mortality in diverse patient populations, more so than commercial insurance and often even uninsured payer status. [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] The disparity in outcomes between patients with Medicaid versus other insurance persists even after adjustment for disease severity and baseline comorbidities. Insurance type may influence the delivery of inpatient care through variation in access to invasive procedures and adherence to guideline-concordant medical therapies. [9] [10] [11] [12] Medicaid patients may be more likely than uninsured patients to remain hospitalized pending post-acute care placement rather than be discharged home with family support. 16 Medicaid patients are also less likely to leave against medical advice than uninsured patients. 17 Currently, little is known about the impact of state Medicaid expansion status on length of stay (LOS) or mortality nationally. It is possible that hospitals in Medicaid-expansion states have experienced relative worsening in LOS and mortality as their share of Medicaid patients has grown. Determining the impact of ACA implementation on payer mix and patient outcomes is particularly important for academic medical centers (AMCs), as they traditionally care for the greatest percentage of both Medicaid and uninsured patients. 18 We sought to characterize the impact of state Medicaid expansion status on payer mix, LOS, and in-hospital mortality for general medicine patients at AMCs in the United States.
METHODS
The University HealthSystem Consortium (UHC) is an alliance of 117 AMCs and 310 affiliated hospitals, representing >90% of such institutions in the US. We queried the online UHC Clinical Data Base/Resource Manager (CDB/RM) to obtain hospital-level insurance, LOS, and mortality data for inpatients discharged from a general medicine service between October 1, 2012 and September 30, 2015. We excluded hospitals that were missing data for any month within the study period. No patient-level data were accessed.
Our outcomes of interest were the proportion of discharges by primary payer (Medicare, commercial, Medicaid, uninsured, or other [eg, Tri-Care or Workers' Compensation]), as well as the LOS index and mortality index. Both indices were defined as the ratio of the observed to expected values. To determine the expected LOS and mortality, the UHC 2015 risk adjustment models were applied to all cases, adjusting for variables such as patient demographics, low socioeconomic status, admit source and status, severity of illness, and comorbid conditions, as described by International Classification of Diseases, Ninth Revision codes. These models have been validated and are used for research and quality benchmarking for member institutions. 19 We next stratified hospitals according to state Medicaid expansion status. We defined Medicaidexpansion states as those that had expanded Medicaid by the end of the study period: Arizona We then identified our pre-and post-ACA implementation periods. Medicaid coverage expansion took effect in all expansion states on January 1, 2014, with the exception of Michigan (April 1, 2014), New Hampshire (August 15, 2014), Pennsylvania (January 1, 2015), and Indiana (February 1, 2015). 3 We therefore defined October 1, 2012 to December 31, 2013 as the pre-ACA implementation period and January 1, 2014 to September 30, 2015 as the post-ACA implementation period for all states except for Michigan, New Hampshire, Pennsylvania, and Indiana. For these 4 states, we customized the pre-and post-ACA implementation periods to their respective dates of Medicaid expansion; for New Hampshire, we designated October 1, 2012 to July 31, 2014 as the pre-ACA implementation period and September 1, 2014 to September 30, 2015 as the post-ACA implementation period, as we were unable to distinguish before versus after data in August 2014 based on the midmonth expansion of Medicaid.
After stratifying hospitals into groups based on whether they were located in Medicaid-expansion or nonexpansion states, the proportion of discharges by payer was compared between pre-and post-ACA implementation periods both graphically by quarter and using linear regression models weighted for the number of cases from each hospital. Next, for both Medicaid-expansion and nonexpansion hospitals, LOS index and mortality index were compared before and after ACA implementation using linear regression models weighted for the number of cases from each hospital, both overall and by payer. Difference-indifferences estimations were then completed to compare the proportion of discharges by payer, LOS index, and mortality index between Medicaidexpansion and nonexpansion hospitals before and after ACA implementation. Post hoc linear regression analyses were completed to evaluate the effect of clustering by state level strata on payer mix and LOS and mortality indices. A 2-sided P value of <0.05 was considered statistically significant. Data analyses were performed using Stata 12.0 (StataCorp, College Station, TX).
RESULTS
We identified 4,258,952 discharges among general medicine patients from 211 hospitals in 38 states and Washington, DC between October 1, 2012, and September 30, 2015. This included 3,144,488 discharges from 156 hospitals in 24 Medicaid-expansion states and Washington, DC and 1,114,464 discharges from 55 hospitals in 14 nonexpansion states. Figure 1 shows the trends in payer mix over time for hospitals in both Medicaid-expansion and nonexpansion states. As summarized in Table 1 , hospitals in Medicaid-expansion states experienced a significant 3.7-percentage point increase in Medicaid discharges (P 5 0.013) and 2.9-percentage point decrease in uninsured discharges (P < 0.001) after ACA implementation. This represented an approximately 19% jump and 60% drop in Medicaid and uninsured discharges, respectively. Hospitals in nonexpansion states saw no significant change in the proportion of discharges by payer after ACA implementation. In the difference-in-differences analysis, there was a trend toward a greater change in the proportion of Medicaid discharges pre-to post-ACA implementation among hospitals in Medicaid-expansion states compared to hospitals in nonexpansion states (mean difference-in-differences 4.1%, 95% confidence interval [CI]: 20.3%, 8.6%, P 5 0.070). Table 1 shows that the overall LOS index remained unchanged pre-to post-ACA implementation for both Medicaid-expansion (1.017 to 1.006, P 5 0.488) and nonexpansion hospitals (1.008 to 0.995, P 5 0.574). LOS indices for each payer type also remained unchanged. The overall mortality index significantly improved pre-to post-ACA implementation for both Medicaid-expansion (1.000 to 0.878, P < 0.001) and nonexpansion hospitals (0.997 to 0.850, P 5 0.001). Among both Medicaid-expansion and nonexpansion hospitals, the mortality index significantly improved for Medicare, commercial, and Medicaid discharges but not for uninsured or other discharges. In the difference-in-differences analysis, the changes in LOS indices and mortality indices pre-to post-ACA implementation did not differ significantly between hospitals in Medicaid-expansion versus nonexpansion states.
In post hoc linear regression analyses of payer mix and LOS and mortality indices clustered by state-level strata, point estimates were minimally changed. Although 95% CIs were slightly wider, statistical significance was unchanged from our primary analyses (data not shown).
DISCUSSION
We found that ACA implementation had a significant impact on payer mix for general medicine patients at AMCs in the United States, primarily by increasing the number of Medicaid beneficiaries and by decreasing the number of uninsured patients in Medicaidexpansion states. State Medicaid expansion status did not appear to influence either LOS or in-hospital mortality.
Our study offers some of the longest-term data currently available on the impact of ACA implementation on payer mix trends and encompasses more states than others have previously. Although we uniquely focused on general medicine patients at AMCs, our results are similar to those seen for US hospitals overall. Nikpay and colleagues evaluated payer mix trends for non-Medicare adult inpatient stays in 16 states through the second quarter of 2014 using the Healthcare Cost and Utilization Project database through the Agency for Healthcare Research and Quality. 4 They found a relative 20% increase and 50% decrease in Medicaid and uninsured discharges in Medicaidexpansion states, along with nonsignificant changes in nonexpansion states. Hempstead and Cantor assessed payer mix for non-Medicare discharges using state hospital association data from 21 states through the fourth quarter of 2014 and found a significant increase in Medicaid patients as well as a nearly significant decrease in uninsured patients in expansion states relative to nonexpansion states. 5 The Department of Health and Human Services also reported that uninsured/self-pay discharges fell substantially (65%-73%) in Medicaid-expansion states by the end of 2014, with slight decreases in nonexpansion states. 20 In contrast to our hypothesis, the overall LOS and in-hospital mortality indices were not influenced by state Medicaid expansion status. From a purely mathematical standpoint, the contribution of Medicaid patients to the overall LOS and mortality indices may have been eclipsed by Medicare and commercially insured patients, who represented a higher proportion of total discharges. The lack of impact of state Medicaid expansion status on overall LOS and mortality indices did not appear to occur as a result of indices for Medicaid patients trending toward the mean. As predicted based on observational studies, Medicaid patients in our study tended to have a higher LOS index than those with other insurance types. Medicaid patients actually tended to have a lower mortality index in our analysis; the reason for this latter finding is unclear and in contrast to other published studies. [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] 21 To our knowledge, no other studies have evaluated the effect of payer mix changes under the ACA on inpatient outcomes. However, new evidence is emerging on outpatient outcomes. Low-income adults in Medicaid-expansion states have reported greater gains in access to primary care services and in the diagnosis of certain chronic health conditions than those in nonexpansion states as a result of ACA implementation. 22, 23 Such improvements in the outpatient setting might be expected to reduce patient acuity on admission. However, they would not necessarily translate to relative improvements in LOS or mortality indices for Medicaid-expansion hospitals, as the UHC risk adjustment models controlled for disease severity on admission.
Similarly, few studies have assessed the impact of payer mix changes under previous state Medicaid expansions on inpatient outcomes. After Massachusetts expanded Medicaid and enacted near-universal healthcare coverage in 2006, a minimal LOS reduction of just 0.05 days was observed. 24 New York expanded Medicaid eligibility to nondisabled childless adults with incomes below 100% of the federal poverty level in September 2001, whereas Arizona did so in November 2001 and Maine in October 2002. A study comparing outcomes in these states to 4 neighboring nonexpansion states found a relative reduction in annual all-cause mortality of 6.1% population wide; however, it did not assess in-hospital mortality. 25 The Oregon Health Insurance Experiment that randomized low-income adults to expanded Medicaid coverage or not in 2008 has also reported on outpatient rather than inpatient outcomes. 26 Our findings have potential implications for health policymakers. That Medicaid expansion status had a neutral effect on both LOS and mortality indices in our analysis should be reassuring for states contemplating Medicaid expansion in the future. Our results also highlight the need for further efforts to reduce disparities in inpatient care based on payer status. For example, although Medicare, commercially insured, and Medicaid patients witnessed significant improvements in mortality indices pre-to post-ACA implementation in hospitals in both Medicaid-expansion and nonexpansion states, uninsured patients did not.
This study has several limitations. First, our analysis of the impact of ACA implementation on payer mix did not account for concurrent socioeconomic trends that may have influenced insurance coverage across the United States. However, the main goal of this analysis was to demonstrate that changes in payer mix did in fact occur over time, to provide rationale for our subsequent LOS and mortality analyses. Second, we could not control for variation in the design and implementation of Medicaid expansions across states as permitted under the federal Section 1115 waiver process. Third, we only had access to hospitallevel data through the UHC CDB/RM, rather than individual patient data. We attempted to mitigate this limitation by weighting data according to the number of cases per hospital. Lastly, additional patient-level factors that may influence LOS or mortality may not be included in the UHC risk adjustment models.
In summary, the differential shift in payer mix between Medicaid-expansion and nonexpansion states did not influence overall LOS or in-hospital mortality for general medicine patients at AMCs in the United States. Additional research could help to determine the impact of ACA implementation on other patient outcomes that may be dependent on insurance status, such as readmissions or hospital-acquired complications.
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